Fridy and Orhan [3] introduced the concepts of statistical limit inferior and superior for single sequences and obtained some inequalities which are analogous to Knopp's core theorem. Cakan and Altay [1] extended the above ideas form single sequences to double sequences and obtained multidimensional analogues of the results presented by Fridy and Orhan [3] . The same concepts was used by Demirci [2], Lahiri and Das [10] to define the I-limit inferior, I-limit superior and gave some I-analogue of the properties of statistical limit inferior and superior for single sequences. In the present paper we define I-limit inferior, I-limit superior and I-core for real double sequences.
Introduction
The notion of convergence for double sequences was presented by A. Pringsheim [14] . Using this definition the four dimensional matrix transformation (Ax) m,n = ij a mn ij x ij was studied extensively by Robison and Hamilton in [4, 5, 6, 7 and 15] . In this paper, we introduce the notion of I-limit superior and inferior of real double sequences analogously to the statistical limit superior and inferior of Cakan and Altay [1] . Using these definitions we also define the I-core for real double sequences and present an inequality related to I-core and P-core of real bounded double sequences
Background and preliminaries
Throughout the paper N, R will denote respectively the sets of positive integers and real numbers where as N 2 will denote the usual product set N × N. For any set X, P(X) stands for the power set of X and A C will denote the complement of the set A. Definition 2.1 [8] If X is a non-empty set then a family of sets I ⊂P(X) is called an ideal in X if and only if (i) Φ ∈ I; (ii) For each A, B ∈ I we have A∪B ∈I; (iii) For each A ∈I and B⊂A we have B∈I. For further study we shall take X = N 2 and I will denote an ideal of subsets of N 2 . The following proposition express a relation between the notions of an ideal and a filter. Proposition 2.1 Let I⊂P (N 2 ) be a non-trivial ideal. Then the class F = F (I) = {M ⊂ N 2 : M = N 2 -A, for some A∈I} is a filter on N 2 (we shall call F = F (I)the filter associated with I). Definition 2.4 [16] Let I⊂ P (N 2 ) be a non-trivial ideal in N 2 . A double sequence x =(x ij ) of numbers is said to be I-convergent to a number ξ if for each ε>0 the set A( ) = {(i, j)∈ N 2 : |x ij −ξ| ≥ ε} belongs to I. The number ξ is called the I-limit of the sequence (x ij ) and we write I-lim i,j→∞ x ij = ξ. Remark 2.1 If we take I = {E⊂ N 2 : E is contained (N × A)∪ (A × N)where A is a finite subset of N}. Then I-convergence is equivalent to the usual Pringsheim's convergence. Definition 2.5 [14] A double sequence x = (x ij ) is said to be convergent to ξ in the Pringsheim's sense [10] if for each ε> 0 there exists m∈N such that |x ij − ξ| < ε whenever i, j ≥ m. The number ξ is called the Pringsheim limit of the sequence x. Definition 2.6 [14] A double sequence x = (x ij )is said to be bounded if there exists a real number M > 0 such that |x ij | <M for each i and j, i.e., if
We shall denote the set of all bounded double sequences by ∞ i,j=0 is said to be RH-regular if and only if it maps every bounded P-convergent sequence into a P-convergent sequence with the same P-limit. Let X and Y be two sequence spaces. We denote by (X, Y) the class of all matrices A which map X into Y, and by (X, Y ) reg we mean A∈(X ,Y) such that the limit is preserved. A matrix A = [a The ideas of P-limit inferior, P-limit superior and P-core for double sequences was presented by R. F. Patterson [13] . We state here the two important theorems of Patterson [13] related to the core of a double sequence. Theorem 2.2 If A is a nonnegative RH-regular summability matrix, then the P-Core {Ax} ⊆P-Core{x}, for any bounded sequence x = (x ij ) for which (Ax) exists. Theorem 2.3 If A is a four dimensional matrix, then the following are equivalent (i) for all real double sequences x = (x ij ), P-limsup Ax ≤ P-limsup x; (ii) A is RH-regular summability matrix with P − lim m,n→∞ i,j |a mn ij | = 1. Mursaleen and Osama [11] , Morciz [12] introduced the two dimensional analogue of natural density as follow; Let K ⊂ N 2 and K(m,n) denotes the number of (i,j) in K such that i ≤m and j ≤n. Then the lower asymptotic density of K is defined by δ 2 
. In case the sequence (
) has a limit in Pringsheim's sense then we say that K has a double natural density and is defined by lim m,n→∞
Cakan and Altay [1] defined the statistical limit superior and inferior for a real double sequence as follow.
. where δ 2 (E) = 0, means that either δ 2 (E)> 0 or E does not have double natural density. Definition 2.7 If x =(x ij )be a real double sequence.Then statistical-limit superior of x is defined by
Also the statistical-limit inferior of x is defined by
Main results In the next section we shall define analogously the concepts of I-limit superior and inferior for real double sequences and prove some fundamental properties of I-limit superior and inferior.
I-limit superior and inferior
Before define I-limit superior and inferior of real double sequences we first introduced the concept of I-boundedness of double sequences. 
be an admissible ideal. If x = (x ij ) be a real double sequence. Then I-limit superior of x is defined by
Also the I-limit inferior of x is defined by
Proposition 3.1 If β= I − limsupx is finite, then for each ε>0, the sets
Conversely, if (1) holds for each ε >0, then β= I − limsupx. Proof Suppose that β= I − limsupx is finite. Then we have B x = φ and β = supB x . Let ε >0 be given. Since β = supB x , therefore there exists b ∈ B x such that b > β − ε. This implies that {(i,j) :
, and therefore we obtain a contradiction to the fact that β = sup B x . Hence {(i,j):
Conversely, suppose that (1) holds for each ε >0. Since{(i,j): 
Conversely, if holds (2) for each ε>0, then α = I-liminf x. }∈I and therefore the set {(i,j):
∈F(I). This implies that the set {(i,j):
∈I and therefore by definition of A x , β + ε ∈ A x . As α = inf A x so we have, α ≤ β + ε . Since is arbitrary this proves that α ≤ β. Remark 3.2 For any real double sequence x =(x ij ), P − lim inf x ≤ I-liminf x ≤ I-limsup x ≤ P − lim sup x. Remark 3.3 I-boundedness of a sequence x = (x ij ) implies that I − liminfx and I − limsupx are finite, so (1)and (2) 
I-core of double sequences
Analogy to the P-Core [13] and statistical core [1] , we define the I-core of double sequences as follow. 
Then it is obvious that z ∈ I 2 ∩ It is obvious that the matrix B defined above is in the class ( 
